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® Dynamic microscope Image processing scanner. 

© An image scanner has^a microscope with a high precis ion 
computer controlled motor 'driven stage to provide X, Y plena 
displacements In order to scan microscopic objects under the 
microscope: There is en image sensor (1 2) end e digitiser (13) , 
in association with the microscope to sense a horizontal image 
line or a two dimensional imege and provide a digital represen- 
tation of the line or image. A digltel signal processor (3) 
processes digitized signals from the sensor. There is a com- 
puter (4 1 to control the mechan leal and electronic scanning and 
to store and display information from the digital signet proces. 
sor. Methods of scanning a microscopic object comprise posi- 
tioning the object on;a motorized stage of a microscope having 
an image sensor in a focal plane. The object is scanned and sig- 
nals received from the sensor during scanning are digitized. 
The digitized signals are processed with a digital slgnal proces- 
sor in order to automatically recognize objects while the sam- 
ple is being scanned. The processed information contained in 
the signals and the location coordinates of objects are stored. 
The methods include automatical revisiting of recognized ob- 
jects for further analysis;. 
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Dynamic Microscope Image Processing Scanner 

This invention relates to an image scanner for 
iricrosbopic 6 b j'^t'tlB : *fi ad; "to a method of scanning and 
recognition using the scanner. The scanner may be 
described as a dynamic microscope image processing 
scanner. 

. . •. r,Xn many -ibi ologl-cal and medical applications it 
i s of ten nece s s ; ar ;y 'fit. 0*xi s e •affun icroscope in search of 
microscopic objects, for example cells, dispersed in two 
or three dimensional ^|j>ac# at very low densities* In 
most casesrV £fe';r;i¥^ examining live clonogenic 

cells, the objects are relatively far apart from each 
other, that is with relatively large empty spaces between 
them. In the case of clonogenic cells this allows them 
to grow without interference from each other. In these 
and other similar situations, one looks into predomi- 
nant ly empty space and thus the search and recognition of 
objects of interest becomes time consuming. 

For nnany applications in cell biology and medi- 
cine r iit is essential that examination of cells be done 
quickly, for example in a few minuties, without interr- 
fering with the cells abilities to dividei and proli^ 
ferate, or to perform other cellular functions. Thus 
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'^ij^MMfuMr *WP to ^vaT^oUs^ physical^ and chemical: piroce- 

i'dtf&tfe must be <kfcpt to a ininSLinum . '■ F^r> e^atnplre ^the 1 - 
^moVe merit Of samples must^ bfe sntoothV with a minimum iof 
acee legation ,-• te*; prevent cell dislocation w Exposure to 
li*ght for prolonged time or to high! liglit iii^ensities can 
also affect cell properties. Cell ^staitnin?, with the 
possible exception of a few vital fluorescence stains, is 
not possible if one is to observe ^unperturbed live cells . 

Most- biological and medical applications 
require observation and classification of a large number 
of cells to obtain data with sufficiently high static ti- 
r cal accuracy for the information to be representative of 
the whole population. In most instances, several ; 
thousand cells must be observed, i.e. located and charac- 
terized, in a few minutes, this is beyond the reacii of 
hunian ability so that some form of automation is 
required. 

At present there are no systems capable of the 
automatic detection of live, unstained cells growing at 
low density in a large area. Although a few systems that 
are used in image cytometry and some interactive televi- 
sion based image analysis systems could be modified for 
such purposes these systems would have several disadvan- 
stages in comparison to the approach adopted ; in the pre- 
♦s£nt,. invention. Large areas must be scanned at high 
Speed and with high accuracy. This is best done by using 



-2 



3 

0175549 

a high horizontal ( e^g.- : X-axis of image) iroa ge &B$plv t i on 
and a /low vertical- (e.g> Y-axis q£ ime^ge) image r^esrolu- 
tionf vachieved with the p res e n t i n yen t i on employing; 
li near bo lid state image sensor array?* a micro scope p re- 

rcirsion -stage and line t by; line analysis tossing & hig?h ispeed 

irditg ifta:!: signal-: processor • 

^ • According ly , in -its first aspect , t-he present 
invention is an image scanner for toicroscopic objects 
comprising a microscope ; a, high precitsion motor:, driven 
nticroscppe stage, to provide mechanical X,Y scanning of 
the -microscopic ob jects ; an; Umage sensor in assoc ia t ion 
with .the microscope to sense and scan electronically a 
horizontal image line? a sample & hold *nd A/E> :*c i,rc u i t r y 
to digitize the is ignal fcrom -the sensor; a high speed 
digital signal processor to process digitized signals 
from the sensor; and a host computer to control tpechani- 
cal and electronic scanning as well as to control the 
digital signal processing functions and the auto foe us . 
This computer also stores and displays inf ormation vf rom 
the various system components ♦ 

The itnage scanner of the invention is a ; yer- 
* 6a tile system useful for automatic search and recognition 
c?f microscopic objects that can be character ized by -opt i- 
cil properties . The system is particularly usef ul^ for 
16cati^ng live', unstained cells growing ; at ..low densities 
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iri t is 6 tie culture Vessels . : ' Large areas cart be scanned in 
a' :j £fibrt time atfd sells cfen be rebbgnized , characterized 
ahd precisely iodated in space without affecting their 
viability. Subse^^ent bbserv&t iohV of previously i den- 
tiffed cells br bthcrr objects cin *ls^ be dbne^atatoinati- 
feali^ with the same system. 

Preferably the image sensor is mounted on the 
camera port of a micrbscbpe , where it senseis and scans 
eleetrbnically a horizontal image line (e.g. X-axis of 
image); the vertical displacement (e.g Y-axis of the 
linage ) of the microscope image is provided by the Y move- 
ment of the microscope stage . In this way a vertical 
band- is scanned; In order to cover a large area several 
such bands are scanned. Additionally the sensor can be 
moved across the magnified microscope image; of a local 
airea without moving the stage for high image resolution 
scams. Signals from the sensor are digitized and then 
processed by the digital signal processor. The computer 
may be a host personal computer and is used for 
programmed operations and for storage and display of pro- 
cessed data. 

In preferred aspects of the invention the 
apparatus includes a high resolution television camera 
with di splay , may include an optical memory disk record 
and/or a phbtomultiplier with a readout. 

Objects are recognized by analyzing digitized 
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line signals f rom the image sensor . . If extracted coarse 
features of the measured line signal of an object jrpatch 
the? target character istics, then, the object is identified 
and its coordinates an$ coarse features are recorded. 
Processing of a signal and decisions are done in real 
time while the vessel containing that object is scanned 
in a continuous way. 

After scanning the operator .can instruct the 
device to return to recorded locations automatically. 
Fine features can then be extracted automatically at 
various microscopy mode®:. Repeated observations of, cells 
can be performed. In case of live cells, studies of cell 
movement , cell growth, cell to cell interactions and, the 
like are possible. Examinations of cells where changes 
of features are a function of time can be done automati- 
cally on a large number of cells in the same population . 

The linage sensor is preferably a solid state 
image sensor , for example 'a charge coupled device 
comprising *a linear array of a large number of small, pho- 
tbfeens it i ve elements . It is desirable that the linear 
array can also be moved in such a way as to allow 
scanning tff the magnified image. In this case the inven- 
tion cain additionally be used as a high resolution digi- 
tl*lri<3 scanning camera. 

It is desirable that in addition to the com- 
puter control of the precision microscope stage manual 
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control be provided /for example by the use of a joy 
stick. 

It is desirable that autof ocus is provided for 
the system* 

' " In a further aspect the present invention is a 

method of scanning and recognizing a microscopic object 
that comprises positioning the object on a motorized 
stage of a microscope having an image sensor in a focal 
plane? scanning mechanically and electronically the 
object; digitizing the signals received from the sensor 
during scanning; and processing the information con- 
tained in the signals. 

Aspects of the invention are illustrated, 
"merely by way of example , in the accompanying drawings in 
which* 

Figure 1 is a schematic , block diagram showing 
the image scanner of the present invention? 

Figure 2 is a simplified flow chart 
illustrating the operation of the scanner of the present 
invention; 

Figure 3 illustrates a typical digital signal 
of a cell achieved with the image scanner of the preseht 

invention; and 

Figure d shows further results achieved with 

the scanner of the invention. 
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Referring first to Figure V, the apparatus of 
the present invention comprises a standard microscope 1, 
electronic digitizing camera 2 which includes a solid 
f tate ima ? e censor 12, a digital signal processor 3, a 
, , pe 5 B °^ ; com P uter 8 y stem 4 ' tissue culture vessel 5, a 
precision microscope X f Y stage 6, a stage controller 7, 
fitted with a joy stick 7a, an autofocus system 8, a high 
resolution video camera or photomultiplier 9, fine 
feature extraction or photomultiplier readout or video 
display and optical memory disk recorder 10. 

It should be emphasized that all the above com- 
ponents are commercially available items. For example 
the microscope may be that available under the trade mark 
Zeiss or Leitz. The solid state image sensor (CCD) may 
be that available from Fairchild or Reticon which inclu- 
des signal conditioning and sample * hold circuitry. 
High speed analogue to digital converters CA/D) are 
easily available. Alternatively the line scan image 
sensing, the signal conditioning, the sample 8, hold and 
the A/D circuitry can be realized with an electronic 
digitizing camera, for example, as available from 
Datacopy. The high speed signal processor may be one 
available from Texas Instruments. The computer control 
precision microscope stage may be one with .1^ resolution 
over a 10 x lOcm* scanning area. Finally the computer 



-7- 



9 

0175549 

mayV for example, be that available under the .'trade mark 
IBM XT or AT Petsonal Computer* The optical memory disk 
rfecbrder may b6*tfcat available under the trade mark 
Paiiafebhic OMDFi, 

' U6ing the equipment of the present invention 

for t tie pur po 6 e tif cell search and recognition* the 
Microscope bright field image is sensed by a linear solid 
6ttfte itiia^e sensor 12. The Image is sensed in a 
micVoscrope camera port where the sensor' is mounted in a 
feudal plirie of the microscope. The 1 ine; scan image sen- 
"sW signal is sampled and di^itited with the signal con- 
di€ibning, sample i hold and A/b circuitry 13 r j to produce 
a string of numbers represehtihg one high resolution 
horizontal image lihte . In the illustrated embodiment the 
• ii'ne''lcaft image sensihg 12 and the analogue digital con- 
version circuitry 13 is combined within the electronic 
digitizing camera 2 r which may be attached to the 
microscope port in place of a standard camera. 

The digital liri£ image data are processed by 
high'" speed digital signal processor 3, which allows for 
coarse feature extraction and cell recognition * The 
cblls to be found and recognized are plated into the 
tissue culture vessel 5, where the cells are attached to 
the bottom surfafce of the vessel. This vessel is posi- 
tioned onto the precision X,Y microscope stage 6 , driven 
by the microprocessor control stage controller 7 , which 
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also includes joy stick 7a for manual control of the 
stage. The autof ocus system 8 allows for automatic 
focus adjustment. The electronic digitizing carnera 2, 
the digital signal processor 3 r the stage controller 7 
and the autof ocus 8 are all controlled by the computer 
system 4. Further analysis of cells at recorded loca- 
tions can be performed by scanning the image at the same 
or changed microscopy modes with a linear solid state 
image sensor 12 r which can be moved by a motor driven 
mechan-isnr across the magnified image. Alternatively the 
secoadbistage? image process i«g 14 can be used. This pro- 
videsi ioptions sjich as video camera yith display, optical 
memory disk recorder, photornultipl i er wi t h readout: or 
later active video frame analysis sytem ,9 and 10 . This 
sy s tern may be used- as^ well *s the motor driven mechanism 
with the image -sensor 12. < :>: . 

Figure 2 illustrates the basic algorithm for 
searching for objects in a vessel, recognizing cells, and 
recording positions and coarse features of those cells 
according to the invention. In an initializing stage 20 
the operator enters various parameters such as area to be 
scanned* scanning speed, file name of output data file 
and the like. The operator also has a choice of what 
recognition algorithm is to be used and what is to be 
recorded. The electronic digitizing camera, the stage 
controller and the autof ocussing system are then inir 
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tialiied. The reference points and the focal plane are 
determined and the appropriate recognition algorithm is., 
down- loaded from the host computer to the digital signal 
processor. 

After initialization the system enters into a 
high speed loop to scan an image line 21, to extract 
coarse features 22, and if required to adjust focus 
23/24, to decide on cell presence or absence 25 and, to 
move, the vessel by driving the microscope stage to the 
next image line 27. This sequence is repeated until the 
scan is finished. Quantization of each sensed pixel- 
pulse coincides with the solid state image sensor's 
scanning rate to provide a real time digital signal which 
is processed before the next image line is scanned. If a 
cell is detected 25, the exact position of the cell 
center is calculated and the position and the desired 
coarse features are recorded 28. When the scan of the 
whole area is terminated 26, a summary of the scan is 
displayed 29 and the system is ready for the next scan. 

According to the invention a high resolution 
linear solid state array scan across the approximate 
center of a cell contains enough information to recognize 
cells and certain subpopulations of cells, even at low 
microscope magnification. A typical scan of a CHO cell 
(Chinese hamster ovary cell, grown in vitro) as obtained 
by a linear solid state array is shown in Figure 3. 
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Figure 3 shows part of a digital signal as 
measured by the solid state image sensor across the 
approximate center of a CHO cell at low microscope magni- 
fication (6.3 x 3.2) using bright field microscopy. The 
senior was inounted in a focal plane of the microscope and 
the c^ll, image was projected onto the sensor. 

The extracted features are derived from the 
signal which represents physical characteristics of cells 
(e.g., light scatter, refractive index, optical density) , 
their ^ geometrical nature (e.g., cell diameter, cell 
width, cell shape) , and from mathematical transformations 
of the signal (Fast Fourier Transform, convolution, 
^correlation, etc. ) . 

After the coarse feature extraction of an image 
line, an object is represented by a feature vector-." Ifhis 
vector can be normalized and evaluated using previously 
determined discriminant functions: 

bi i dli 2i + di 2 Z 2 > + di n 2 n 

where 

z i - - — . — 

and Fj is the j th feature, Fj is the mean value of the 
jth feature, Qj is the standard deviation of the 
feature and d*j is the i th object class (i^h population) 
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coefficient of the j* h feature. The discriminant func- 
tion and decision plane are determined by using a sample 
population of object classes and applying discriminant 
function analysis.. This yields an optimal separation of 
object classes from one another using a minimum number of 
features. 

There are other alternatives to arrive at a 
decision space. For example r in a two-dimensional case, 
as shown in Figure 4, a rectangular decision space has 
been determined which Was sufficient to discriminate CHO 
cells from debris. 

Figure 4 shows a 2-dimensional decision space 
for feature vector F(fi,f2) for CHO-cell recognition. To 
obtain it CHO cells were plated into a tissue: culture 
vessel in growth medium and incubated at 37 °C for one 
hour. Next, the tissue culture vessel bottom was scanned 
for cell-like objects and two simple features of the 
sensed object (pulse width, fi, and maximum pulse height, 
f 2 ) were then plotted In a two dimensional space. All 
objects were then follbwed-up for several days. Using 
optical and tissue culture techniques live cells were 
identified by an observer (bold triangles). Using only 
the two features fi and f2r all live cells were discri- 
minated from the debris (open triangles) • 

The operation of the scanner of the invention 
is as follows: 
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Cells are plated into a vessel (e.g., tissue 
culture flask, petri dish, glass microscope slide, etc.) 
which can be filled by growth medium. They are then 
incubated under growth conditions until the cells settle 
. to the bottom surface of the vessel. Reference points 
are marked on the vessel, the vessel is positioned on the 
microscope stage, the focal plane is determined, and 
various parameters are defined by the operator. After 
the desired magnification and microscopy mode are 
selected, the vessel is automatically scanned in the X, Y 
plane in a pre-programmed manner using the motorized 
stage and the linear solid state image sensor. The Z- 
jdrive is used to control the focus which is automatically 
adjusted periodically. The coordinates and the coarse 
feature vectpr of all recognized cells are 6tored in a 
■file in the memory of the host computer. 

An area of up to 10 x 10 era 2 can be scanned to 
locate cells in a few minutes with a minimum step size of 
1 >um (typically 5//m) . Coordinates and coarse feature 
vectors of several thousand cells can be automatically 
determined within this time span. This is a conspicuous 
improvement over prior art scanners, which typically 
scan much smaller areas. 

If required, each cell can be revisited automa- 
tically a.t any prescribed time for further observation 
and classification. On any subsequent visit, fine 
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feature vectors can be extracted automatically, as the 
cell can now be observed at a higher magnification using 
a detailed scan by moving the linear solid 6tate array 
across the magnified image of the cell instead of moving 
the stage with the specimen. In this way a higher reso- 
lution of the image is obtained. Alternatively <or in 
addition) a conventional videdframe analysis and editing 
system can be employed. A further possibility is to 
measure fluorescence using a photomultiplier once the 
location of the cells of interest have been determined by 
the image scanner. And finally, a high resolution tele- 
vision or solid state image frame can be stored using an 
optical memory disk recorder. 

As to the system software, in addition to the 
cell search and cell recognition software there are a 
number of programmes to allow for a wide range of experi- 
xnent9 using the image scanner of the invention as well as 
programs for data handling and display. These include: 

- calibration scanning program 
(for stage and optical scanner), 

- manual scanning program, 
automatic scanning program 
(search and recognition), 

coarse feature extraction programs, 

- classification program, 
auto focussing program, 
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general image scanning program, 
fine feature extraction program, 
graphic programs (which include 
screen and printer/plotter displays) r 

- feature evaluation programs, and 

- diagnostic programs* 

The present invention provides a number of 
important technical advantages, which can be summarized 
as follows: 

1. The solid state image sensor allows one to scan a 
wif3e field and provides high image resolution/ both 
spatially and photometrically. 

2. The high horizontal image resolution given by the 
linear solid state image provides sufficient infor- 
mation for cell recognition whereas the variable 
vertical image line spacing can be at lower resolu- 
tion which results in an image data reduction, typi- 
cally by a factor of 10. 

3. The scanning of the vessel is a continuous movement. 
The digital signal processor yields a high speed 
image, line by line, processing in real time. 
After a vessel is scanned and objects of interest 
are located the system has the ability to revisit 
automatically the objects once or many times for 
further analysis and fine feature extraction. Thus, 
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many measu tement 6 of changes of features; as a func- 
tion of time and/or treatment are possible. 
6. The simple modular design consisting of an electro- 
nic digitizing Camera attachment to a microscope, a 
digital signal processor f a precision stagehand a 
control personal computer, provides a low cost 
system. 

There are many potential applicatiorig in which thfc 
Invention can be usefully Employed. The if bl lowing are 
some examples for uses with cells as plated in tissue 
culture vessels or on microscope slides • 

1. Search and Find; Coarse Feature Extraction 

Large areas can be a u toma t ica 1 ly s earched f O r cells with 
characteristic line signals. If cells are plated into a 
tissue culture flask or a microscope iiide, several 
thousand cells can be located and characterized (by 
coarse feature vector) in a few minutes in an area as 
large as 10 x 10 cm 2 . Once the locations of these cells 
are known, further observations can be done automatically 
if required. Cell size can be determined and in this 
mode the invention can be employed as a cell couhter 
where cell size and cell shape distribution can readily 
be obtained. 

2. Scan image: Fine Feature Extraction 

After cells are found <ind located, the scWnrier can auto- 
matically return to these cells twith a -precision of 
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1 . 5 >c m in a 10 x 10 .cm 2 stage or better for smaller area 
stages). Fine features of the object can be extracted 
by scanning the image of the object. This can be used to 
differentiate, bet wen variQus types of cells in a mixed 
cell population,. It can al^? be used to determine , for 
examplf. In which phase of the cell cycle a particular 
cell resides. 

The ; niaxinip.resolutic)n pf the fine feature vector depends 
on the microscope magnification and the digitizing equip- 
ment. For example , with on^ scanner prototype, the total 
information available is upto approximately 40 million 
bits per frame. 
3 . * Chang injg ■ microscopy mode 

After cells have been found using a simple microscope 
setting at low magnification (e.g. bright field 
microscopy, 10 to 20x magnification), one can return to 
each recorded location and after changing microscopy mode 
( mag n if i cation, optical setting, etc, ) the objects can be 
re-examined to find new coarse and fine feature vectors. 
For example, fluorescence measurements associated with 
cells can be made. Qualitative and quantitative data can 
be obtained on a large population of cells in repeated 
observations. Distribution of fluorescence on individual 
cells can be determined. 

Another example of application is counting and analysis 
of cell colonies.. : Colonies of cells are first automati- 
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caliy located usihg a simple Microscope mode (cbarse 

, f ........ . . 

feature vector) and then re-examiried for colony charac- 
teristics (fine features of colonies) as well as indivi- 
dual cells (fine features of cells) which form the 
colonics. This is very useful in medical and in bio- 

inhering applications. 
4 • " Repeated observations.: Coarse "#nd c: Fine Features 
A large* population of cells can be examined repeatedly in 
a predetermined time sequence. In the case of live 
cells, cell mobility r cell behavior, cell division, and 
Other cell activities , can be measured automatically as a 
function of time and/or treatment. 

5. Repeated observatibns : Trace of New Locations 

If cells move as a function of time, the invention can be 
used to trace automatically the movements and motility of 
a large number of cells. Ffcr example/ motility of live 
cells Can be determined by either re- scanning the vessel 
repeatedly and finding new locations or after the first 
coairsV scan, thfe cell displacement cam be found by 
scanning the local image* The new coordinates can then 
be determined and various parameters of cell motility can 
be measured as a function of time. 

6. Time-lapse Television Pictures 

Automatic return to cells allows one to take high 
resolution television picture frames of each individual 
cell and store them in a prescribed manner to an optical 
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memory disk recorder These frames can then be r r e com- 
bined and viewed in any ; de r si red ^equ^nce und^r compute 
.control such that tiro? lapse cinematography television 
viewing p|, individ-pal cells can be achieved. This can be 
used , for example , in studies of cell differentiation, 
cell behavior, cell division, cell-to-cell interactions, 
etc. on a very large population of cells such that quali- 
tative and quantitative data can be obtained. In cell 
differentiation studies, for example, one is able to re- 
examine cells which eventually make different types of 
colonies ,< thus the scanner could ideally be used to 
measure morphology and behavior of stem cells, par- 
ticularly if one stores fine feature vectors of all 
cells-. 

7. Repeated Scans of the Same Vessel 

Repeated scans of the same vessel could be used to find 
out emergence of characteristic cells and/or colonies as 
a function of time. This can be used for example in cell 
transformation studies where early automatic detection of 
transformed cells is possible. 
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Claims : 

1. An image scanner for microBCopic objects 
comprising: 

(a) a microscope; 

(b) a high precision computer controlled motor 
driven stage to provide X,Y plane displacements in order 
to position and scan microscopic objects under the 
microscope; 

(c) an image sensor and a digitizer in asso- 
ciation with the microscope to sense a horizontal image 
line and provide a digital representation of the line; 

or to sense a two dimensional image and provide a digital 
representation of the image; 

(d) a digital signal processor to process 
digitized signals from the sensor? and 

(e) a computer to control the mechanical and 
electronic scanning and to store and display information 
from the digital signal processor. 

2. Apparatus as claimed in claim 1 including 
a high resolution television camera, 

3. Apparatus as claimed in claim 1 including 
an optical memory disk recorder. 

4. Apparatus as claimed in claim 1 including 
a phipto multiplier with a readout. 

5. Apparatus as claimed in claim 1 in which 
thi image sensor is a solid state image sensor. 
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6. Apparatus as claimed in claim 5 in which 
the image sensor comprises a linear charged coupled 
device array of photosensitive elements. 

7. Apparatus as claimed in claim 5 in which 
the image sensor is a two dimensional solid 6tate image 
sensor. 

8. Apparatus as claimed in claim 6 in which 
the* image sensor is part of a high resolution scanning 
camera providing precise movement and positioning of the 
linear solid state image sensor in a direction perpen- 
dicular to the linear extension of the array of photosen- 
sitive elements. 

9. Apparatus as claimed in claim 1 including 
manual control of the stage. 

10. Apparatus as claimed in claim 9 in which 
the manual control is by a joy stick. 

11. Apparatus as claimed in claim 1 in which 
the microscope is equipped with auto focus. 

12. Apparatus as claimed in claim 1 including 
a vessel to carry a sample to be scanned, the vessel 
being marked with reference points. 

13. A method of scanning a microscopic object 
that comprises positioning the object on a motorized 
stage of a microscope having an image siensor in a focal 
plane; 

scanning the object by combining stage movement 
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and electrdnical scanning of image lines by the sensor; 

digitizing the signals received from, the sensor 
during scanning; 

processing digitized signals with a digital 
signal processor while scanning the sample ; and 

storing the processed information contained in 

the signals. 

14. A method as. claimed in claim 13 in which 
the control of mechanical and electronic scanning , the 
control of processing and the storage and display of 
ihf ormatiori is by computer. 

15. A method as claimed in claim 13 comprising 
carrying out a coarse , rapid scan to locate desired 
objects in order to store coordinates and coarse 
features . 

16. A method as claimed in claim 15 using 
bright field microscopy at low magnification to locate 
the desired object. 

17. A method as claimed in claim 15 comprising 
revisiting located, desired objects using the sitored 
information. 

.18. A method as claimed in claim 17 comprising 
revisiting the desired object to carry out a rapid exami- 
nation of fine features with a different mode of 
microscopy from the coarse scan and by scanning in two 
dimensions in the magnified image of the desired object. 
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19. A method as claimed in claim 18 in which 
the mag hi fled irhage is scanned by a two dimensional solid 
state image sensor, by a movable linear solid stat.f image 
sensor or by a high resolution tee&evisfion camera, 

20. A method as claimed in claim 17 in which 
the image is sensed by a jphotomult iplier fixed in the 
image plane, and scanned by moving the stage. 

21 . A method as claimed in claim 13 comprising 
making single line sweep's of the sensor across the 
object. 

22 . A method as claimed in claim 13? inc ; Lu<ling 
stbr i rig pictures of the object oh an optical memory disk 
recorder/ combining the stored pictures to provide cine- 
matographic^ like time sequences. 

23. A method as claimed in claim 22 in which 
the object comprises large numbers of cells whereby rapid 
observation of cell behaviour can be performed. 

24. A method as claimed in claim 23 in which 
the behaviour observed is dose response; cell-to-cell 
interaction; cell motility or cell division. 
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